Course Introduction 


NSTC Course 055 

Hypergol Systems: Design, Buildup, and Operation 

BACKGROUND 

This course was developed by personnel at the NASA JSC White Sands Test Facility in 
conjunction with the NASA Safety Training Center (NSTC). The NSTC was established in 
May 1991 by the NASA Headquarters Safety Directorate to provide up-to-date, high-quality, 
NASA specific safety training on location at NASA centers, or simultaneously to multiple 
centers over the Video Teleconferencing System (ViTS). Our desire is to establish and 
maintain a strong, long-lasting relationship with all NASA centers in order to fulfill your 
safety training needs on a cost-effective basis. Our ultimate goal is to provide a positive 
contribution to safe operations at NASA. 

COURSE DESCRIPTION 

NSTC Course 055 is a 2-day course discussing the safe usage of hypergols (hydrazine fuels 
and nitrogen tetroxide). During the course we will identify the hazards associated with 
hypergols including toxicity, reactivity, fire, and explosion. Management of risk is discussed 
in terms of the primary engineering controls - design, buildup, and operation; and secondary 
controls - personal protective equipment and detectors/monitors. The emphasis is on the 
design and buildup of compatible systems and the safe operation of these systems by 
technicians and engineers. 

COURSE GOALS AND OBJECTIVES 

The NSTC’s goals in teaching this course are: 

♦ To increase safety awareness; 

♦ To provide useful information and references; 

♦ To enable attendees to identify and evaluate typical hazards of hypergols and 
hypergol systems. 

INTENDED AUDIENCE 

Those who would benefit from this course include engineers, technicians, plant managers, 
and operators involved in hypergol system design, buildup, operation, and maintenance. This 
course would also be appropriate for safety and health professionals involved in monitoring 
and evaluating the operation of hypergol systems. 

INSTRUCTIONAL TECHNIQUE 

The instructional technique used will be primarily lecture and in-class videos. We do 
encourage in-class discussion to develop student understanding of the concepts, practices, 
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and techniques discussed. We encourage students to participate during all parts of the class; 
and if you have a question, a comment, or a personal experience that would contribute to the 
subject - please speak up. We also encourage you to ask the instructors to discuss issues 
specific to your use of hypergols so we can tailor the class to your Center’s needs. 

COURSE MATERIALS 

The course notebook provided with this class is intended not only for your use in following 
the classroom presentation, but also for future reference. We hope this notebook is not a 
trophy adorning your bookshelf, but rather a reference tool you go back to again. We 
encourage you to follow along and review the material during the class so you can ask any 
questions you may have. 

COURSE EVALUATIONS 

Course critiques are very important to us. We are very interested in your impressions of the 
class materials and presentation, and your suggestions for improvement. The NSTC staff and 
the course instructors will review each and every critique, and your written comments will be 
provided to the point-of-contact at your center. 

COMPLETION CERTIFICATES 

We will send you an NSTC course completion certificate along with a class roster after the 
class. NASA Headquarters will sign these course certificates. Please fill out the course 
attendance roster fully and legibly for each class, as we will use it to track attendance, to 
prepare course completion certificates; and potentially to contact you in the future with 
NSTC news. In order to receive credit for course attendance, you must personally attend 
approximately 2/3 of the course. Course instructors will have the final say on who should 
receive credit for the course. 

CONTINUING EDUCATION UNITS (CEUs) 

This course has been approved for the award of up to 1 .2 Continuing Education Units 
(CEUs) to students. The primary purpose of a CEU is to provide a permanent record of the 
educational accomplishments of an individual who has completed one or more significant 
non-credit educational experiences. CEUs can be used to update and maintain professional 
certifications. In order for this award, we will be taking attendance every day on a roster, 
which requires your signature and your social security number. Providing your social 
security number is voluntary, but you cannot receive CEU credit without it. If you do 
provide your social security number, this information will be controlled in accordance with 
Privacy Act requirements, and access will be limited to those with a valid need to know. 
CEUs earned will be indicated on the course completion certificate under the course title. To 
receive CEU credit, you will have to attend the entire course (individual decisions as to how 
much can be missed will be the purview of the NSTC instructor and staff). 
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CONTACTING THE NSTC 


We hope you enjoy this course. If you are interested in any of our other courses, you may 
contact your center point of contact or the NSTC staff at (281) 244-1284 for additional 
information. You may also reach us via e-mail at larry.greggl@jsc.nasa.gov. 
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INSTRUCTORS 


Bruce Havenor is a Materials Test Tech, Specialist. He started working at the NASA White 
Sands Test Facility (WSTF) in March 1976. He is a hazardous fluids handler and test 
conductor (hydrazine fuels and nitrogen tetroxide), a cryogenics fluid handler and test 
conductor (LN2, LOX, LH2), and has extensive experience with flight hardware and ground 
support components. He has written many procedures for building and operating test 
systems. 

His test experience includes: 

• Materials Test Facility Buildup 

• Hypergol Immersion Testing 

• Fluorine and N2F4 Permeation Testing 

• Faceshield Fuel Splash Testing 

• Adiabatic Compression Testing 

• Oxidizer Impact Testing 

• Hydrazine Thermal Runaway Testing 

• Cadmium Battery Testing 

• High Pressure Hydraulic Oil Immersion Testing 

• JP-4 Pool Fire 

• JP-5 Pool Fire 

• Vapor-phase MMH Detonation Testing 

• Liquid-phase Hydrazine Detonation Testing 

• Cryogenic Hydrogen/Oxygen Detonation Testing 

• Tractor Rocket Motor Testing 

• Space Shuttle Main Engine LOX Bearing Testing 

• GOX and LOX Frictional Testing 

• Coefficient of Frictional Heating 

• Lockheed Environmental Laboratory Buildup (Las Vegas, NV) 

• High Pressure Oxygen Test Facility Buildup 

• Hydrogen Igniter Test Buildup 

• Helium Tube Bank Buildup 

• USAF Oxygen Service Carts Refurbishment 

• Space Station Manifold Decon 

• Composite Overwrap Pressure Vessel Program 

• GN2 Proof of Nitrogen Tank Assembly 

• Space Station Oxygen Recharge Compressor Assembly (ORCA) Qual Testing 

• Manifold 5 Isolation Valve Propellant Exposure Tests 
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Kurt Rathgeber has a BS in Physics from UCLA and an MBA from New Mexico State 
University. He started working at the NASA White Sands Test Facility (WSTF) in 
December 1989. His test experience includes: 


• Liquid-phase detonation studies of hydrazine, MMH, and nitromethane 

• Vapor-phase detonation studies of hydrazine/diluents, MMH/air, and 
MON3/hydrogen 

• Pulsed detonation engine concept utilizing hydrogen/oxygen and hydrogen/air 

• Mechanical impact testing and rotary friction testing of LOX/metal powder mixtures 

• Adiabatic compression testing of hydrazine and hydrogen peroxide 

• Water hammer surge pressure tests on shuttle APU system components 

• Water hammer surge pressure tests on ISS ammonia heat exchanger 

• Pyrovalve testing with MMH and MON3 

In addition to designing, building, and testing hypergol systems, Kurt has written hazards 
analysis procedures for the hydrazine fuels and nitrogen tetroxide. 


Steve Hornung has a BS in Chemistry from the University of Kansas and a Ph.D. in Physical 
Chemistry from the University of New Mexico. He started working at the NASA White 
Sands Test Facility in March, 1989. His test experience includes: 

• Development and validation of NTS 6001, Test 15 for hydrazine, methylhydrazine, 
ammonia, and nitrogen tetroxide 

• Minimum ignition energy studies of hydrazine, methylhydrazine, unsymmetrical 
dimethylhydrazine, and ethanol 

• Materials compatibility with hydrazine and hydrogen peroxide by isothennal 
microcalorimetry 

• Development of a UV / vacuum UV space simulation system 

• ESCA / Auger surface analysis of Mir solar array materials, Optical Properties 
Monitor (OPM) and Alpha Magnetic Spectrometer (AMS) flight experiments 

• Stability and thennal studies of HAN-TEAN formulations 

• Development of aqueous and alternative solvent methods for cleanliness verification 

• Testing of polymers for high temperature oxygen fuel cell applications 

• Development of ppb level detection systems for hydrazines 

In addition to the experience above, Steve has been involved in numerous investigations of 
materials compatibility and surface chemistry. 
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David Baker has a BS and MS in Chemistry from Eastern New Mexico University. He 
started working at the NASA White Sands Test Facility in November 1981 for Lockheed and 
moved to NASA in July, 1989. His test experience includes: 


• Laboratory scale development of molecular sieve system for the removal of iron 
nitrate in NTO 

• Analytical method development for hypergol propellants 

• Corrosion studies of selected metals in NTO 

• STS-9 Hydrazine Fire Investigation 

• Liquid-phase detonation studies of hydrazine, MMH, and nitromethane 

• Vapor-phase detonation studies of hydrazine/diluents, MMH/air, hydrogen/air, 
ammonia/air, and nitrogen fluoride 

• APU hot restart testing 

• Water hammer surge pressure tests on shuttle APU system components 

• OV-105 R1A Thruster Fire Mishap Investigation 

• Passivation of OF 2 and N 2 F 4 storage containers using fluorine gas, 

• Development of Accelerating Rate Calorimetry for Hydrazine/Material Compatibility 

• Development and operation of the APU component test bed 

• Shuttle hydrazine fuel tank fleetleader project 

• Co-author manuals on the fire, explosion, compatibility, and safety of hypergol 
propellants 

• Compton Gamma Ray Observatory (GRO) Reboost Failure Investigation 

• Managed projects involving the characterization of new experimental propellant such 
as amine azides and hydrogen peroxide 

• WSTF Project Manager and Operation Director for the nontoxic dual-thrust RCS 
engine testing 

• WSTF Project Manager and Operation Director for the International Space Station 
Propulsion Module Hot Fire Testing 

• Failure Investigation of Stennis Space Center 5000 gal Hydrogen Peroxide Propellant 
Supply System 
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John Jaramillo has a BS in Advanced Technology Education from New Mexico State 
University. He started working at the NASA White Sands Test Facility in January 1991. His 
test experience includes: 


• Military and shuttle specification analysis of oxidizers and hydrazine fuels 

• N 2 O 4 molecular sieve project for the removal of iron and water in off-spec oxidizer 

• Personal protective equipment permeation testing 

• Analytical development for the detection of derivative fuels by NPD/GC 

• Sonochemistry investigation involving the destruction of hydrazine fuels via 
ultrasonic sound waves 

• Hot surface ignition investigation involving hydrazine fuels 

• HAZMAT Team Certified 

• Production of hypergolic reaction videos 

• Minimum ignition energy studies of hydrazine, methylhydrazine, unsymmetrical 
dimethylhydrazine, and ethanol 

• Design Engineer and Project Lead for the construction of hypergolic laboratories that 
safely handle hypergolic fluids 

In addition to the experience above, John has written several site documents regarding the 
analysis and safe handling of hypergolic fluids. 
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COURSE SYLLABUS 


1 . Course Overview 

Instructors 
Admin Information 
Course Goals 
Course Evaluations 
Disclaimer 

2. Introduction/Background 

Why Are We Here? 

NASA’s Safety Initiative 
NASA’s Safety Policy 
Why This Course? 

Problem 
Solution 
Course Outline 

3. Accidents 

Examples 

What Have You Seen in Your Career? (discussion) 
“Chemistry 1-Oh-No!” 

4. Toxicity Hazard 

Environmental Fates 
Exposure Limits 
Symptoms of Exposure 
First Aid 

5. Reactivity Hazard 

Effect of Fluid on Material 
Effect of Material on Fluid 
Factors Affecting Reactivity 
Common Interactions of NTO 
Corrosion 
Flow Decay 
Softgood Reactivity 
Common Interactions of Hydrazines 
Corrosion 

Catalytic Decomposition 
Thermal Runaway 
Softgood Reactivity 

6. Fire Hazard 

Fire Criteria 
Ignition Sources 
Fire Fighting 

7. Explosion Hazard 

Thermochemical Processes 

Deflagration 

Detonation 



8. Hypergol Properties, References & Other Infonnation 

9. Design 

Siting 

Paperwork 

Hardware 

Material Compatibility 

10. Buildup 

System Construction Considerations 

Paperwork 

Mockup 

Document Physical System 

Disassemble 

Clean and Proof 

Reassemble 

Torque and Tag 

Integrity Check System 

Leak Check 

Flow Check Relief Valves 
Paperwork 

1 1 . Operation 

Before Pretest 

During — ► Test 

After — ► Post test 

12. Personal Protective Equipment (PPE) 

PPE Hazard Assessment 
Chemical Exposure Protection 
Level A 
Level B 
Level C 
Level D 

13. Hypergol Detection 

Methods of Detection 
Examples 

Ideal Specifications 

14. Course Evaluations 


DISCLAIMER 

NASA, JSC, NSTC, and the instructors assume no responsibility for any use or 
misuse of the material presented in this course. 

Use of brand names and registered trademarks are for example only and do not 
constitute an endorsement. 
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Hypergol Systems: 



NASA Safety Training Center 



Safety Note 
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1.0 Overview 
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1.1 Instructors 
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1.2 Administrative Information 
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1.2 Administrative Information cont’d 
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1.3 Course Goals (Instructor) 
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1 .4 Course Goals (Student) 
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1 .5 Course Evaluations 
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1.6 Disclaimer 
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2.0 Introduction 
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Terminology 
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2.1 Scope of This Course 
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2.0 Introduction 
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2.1 Safety Certification Requirements 
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Aside 
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2.2 The Problem 
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2.3 What’s the Solution? 
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Terminology 



consequences of an adverse condition 



Step 1. 

Identify Hazards 



5/9/2006 NASA Safety Training Center 



Assess Risk 
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3.0 Accidents 
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3.1 OV-105A Thruster Fire Mishap 
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3.1.2 R1 A Thruster with Aspirator 
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3.2 Technician and the B-Nut 
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3.2.1 Technician and the B-nut 
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3.2.2 Technician and the B-nut 
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NASA Photo #0672-0458 
View of Accident Area 
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3.3 Thermochemical Test Area 
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3.3.1 JSCTTA 
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3.3.2 Contributing Causes Identified 
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3.4 Accidents 
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Summary 
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Notes on Nitrogen Tetroxide 
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Chemistry of Nitrogen Tetroxide (N 2 0 4 ) 
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Notes on MON 
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Physical and Chemical Properties of ION X 
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Hydrazine Fuels Usage 
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Chemistry of (N2H4) 
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Chemistry of (N 2 H 3 (CH 3 )) 
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Summary 
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Reminder 
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Step 1 - Identifying the Hazards 
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4.0 Toxicity Hazard 
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Oral LD 50 (mg/kg) - Rats 



5/9/2006 NASA Safety Training Center 





4.1.1 Environmental Hazard - 
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4.1.2 Environmental Hazard - 

NTO/MON 
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4.2 Toxicity Hazard 
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4.2.1 Routes of Entry into the Body 
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NTO Skin Contact from Glove Permeation 
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4.2.2 Duration of Exposure 
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Exposure Limits 
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4.2.3 Exposure Limits 
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Visible Concentrations of NO 


oo 

lO 



5/9/2006 NASA Safety Training Center 



4.2.4 What Do the Acronyms Mean? 
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MMH - Time Weighted Average 



Time, hours 



MMH - Time Weighted Average & Limits 



Time, hours 




4.2.4. 3 MMH OSHA Limit & Odor Threshold 
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4.2.5 General Symptoms of Hypergol 

Exposure 
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4.2.5 General Conditions Arising From 
Exposure - Fuels 
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4.2.5 General Conditions Arising From 

Exposure - NTO 
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4.2.6 First Aid 
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4.2.6 First Aid 
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4.3 Medical Attention 
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Step 1 - Identifying the Hazards 
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Physical Properties of Hydrazines 

Hydrazine MMH 
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What are the Hazards? 
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5.0 Material Reactivity Hazard 
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5.1 The Hazard Arises Two Ways 
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5.1 Fluid Properties Possibly Affected by 

Fluid/Material Interactions 
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5.2 Factors Affecting Reactivity 
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5.2.1 Effect of Temperature on a Reaction Rate 
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5.3 Material Properties Possibly Affected by 

Fluid/Material Interactions 
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5.3.1 Nitration / Instability 
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5.3.2 Druck Pressure Transducer Failure 
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Test Cell 831 Manifold Location 
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Manifold & Pressure Transducer 
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Pressure Transducer 



5/9/2006 NASA Safety Training Center 


Pressure Transducer 
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5.3.2 Investigation Findings 
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5.3 Material Properties Possibly Affected by 

Fluid/Material Interactions 
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Corrosion in System 
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5.4 Contamination of 
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Terminology 
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Example of Flow Decay Material 
Iron Nitrate in Valve Throat 
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5.4.1 Avoiding Flow Decay 
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5.5 Common Interactions of 
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5.5.1 Decomposition of 
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5.6.1 Effect of Temperature on a Reaction Rate 
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5.7 Contamination of 
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Military weather satellite 
repaired for October 




Terminology 





5.8 STS 9 APU Fire 
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5.8.1 STS 9 APU Fire 
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5.9 Common Interactions of 
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5.10 Overall Hazards from Material / 

Fluid Reactions 
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Step 1 - Identifying the Hazards 
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What is the Hazard? 
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Terminology 
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6.0 Fire Hazard 
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6.1 Fire Hazard 
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6.2 Fire Hazard 
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6.3 Fire Hazard 
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6.4 Fire Hazard 
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6.5 Fire Hazard 
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Terminology 


o 

<N 




CD 03 C 

.?= u. O 



> ■— c 

> 03 03 C/) 

CD = O ^ 
2 ^ © % 





Q. 3 


X CD 
<1) 



O o 

Q. O 
=5 CO 




0 3 0 

O CO C/5 


5/9/2006 NASA Safety Training Center 



6.5.1 Flash Points 
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Terminology 
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6.5.1 Fire Criteria - Vapor 
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6.5.1 .1 Flammability Limits in Air 
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Vapor Pressure and Flammable Regions 
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6.5.2 Fire Criteria - Liquid 
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Terminology 
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Hydrazine Stoichiometry 
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MMH Stoichiometry 
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6.6 Fire Hazard 
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Minimum Ignition Energy System 




6.6.2. 1 Minimum Ignition Energies 
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6. 6.2. 3 Electrical Ignition Sources 
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6.6.3 Ignition Sources 
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6.6.4 Fire Fiahtin 
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6.6.4. 1 Fire Fighting 
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6. 6.4. 2 Fire Fighting 



5/9/2006 NASA Safety Training Center 




5/9/2006 NASA Safety Training Center 



Step 1 - Identifying the Hazards 
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What is the Hazard? 
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Terminology 
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Explosion 
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7.0 Explosion Hazard 
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7.1.3 Thermochemical Runaway 

Typical pressure-time profile for confined thermal runaway. 
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7.1.4 Rapid Compression 
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7.1 .4.1 Factors Affecting Rapid Compression 
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7. 1.4. 2 Same Mechanism? 
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7.2 Explosion Hazards 
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7.2.1 Deflagration - What’s the Hazard? 
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7.2.2 Detonation - What’s the Hazard? 
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7.2.2. 1 Hypergol Detonability 
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7.2.2.2.1 MCGT Photos 



(Nitromethane) 
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8.0 Hypergol Properties and 
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8.1.1 Other References 




www.standards.nasa.gov 

NASi 

Technical Standards Program 
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8.2 Fluid Specifications 
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8.2 Fluid Specifications 
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8.2 Fluid Specifications 



The suggested method of analysis, calculation 
and reporting 
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8.2.1 Fluid Specification 
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8.2.2 Fluid Specification - 
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8.2.3 Fluid Specification - 
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8.2.4 Fluid Specification - MON3 
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Step 4 - Manage the Risks 
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9.0 Design Controls 
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9.1 Siting (Where do we put it?) 
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9.1.1 Objective / Mission 
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9.1.2 LifeSpan 
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9.1.3 Quantities 
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9.1.4 Wind Corridor 
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9.1.5 Access Controls 
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9.1.6 Emergency Equipment 
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9.1.7 Fire Protection 
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9.1.8 Ignition Sources 
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9.1.9 Secondary Containment 
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9.2 Paperwork (How do we describe it?) 
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9.2.1 FMEA Purpose 




FMEA Example 
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FMEA Example 
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9.2.2 Process Safety Management 

29 CFR 1910.119 
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9. 2. 2. 2 PSM Elements 
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9.0 Design Controls 
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9.3 Hardware (What do we use?) 
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9.3.A Material Compatibility 
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9.3.A.1 What is a Material Compatibility 

Assessment? 
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9.3.A.1 .1 Why Perform a Material Compatibility 

Assessment? 
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9.3.A.1 .2 Elements of a Material Compatibility 

Assessment 
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9.3.A.1.3 Material and Fluid Designations 
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9. 3. A. 1.4 Use Environments 
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9.3.A.1 .5 Properties Possibly Affected by 
Fluid/Material Interactions 
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9.3.A.1 .6 Candidate Compatibility Tests 
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9.3.A.2 Standard Compatibility Test 

Methods 
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9.3.A.2.1 Differential Pressure Immersion Testing 



Mass of contaminant in fluid 



Test 15 Samples 
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Test 15 System 
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Gas Generation from Tefzel 
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WSTF NO. 97-30793 
Tefzel HT2183 
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9.3.A.2.2 Posttest Analysis - Material 
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9.3.A.2.3 Posttest Analysis - Fluid 
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Effect of Temperature on a Reaction Rate 
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Effect of Temperature on a Reaction Rate 
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9.3.A.2.4 Microcalorimetry 
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9.3.A.2.5 Microcalorimtery 
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Microcalorimeter 
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Microcal Data Trace 
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Microcalorimetry Measurements for 

Inconel 600 
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9.3.A.2.6 Accelerating Rate Calorimetry 
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Internal sample thermocouple 
(optional) 
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ARC Plot 
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Relative Decomposition Rates in 

Hydrazine 
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Comparison of Rates by Technique 
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9. 3. 1.2 Approved Materials for 

Service at WSTF 

Constant contact, 120 °F or less 
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9. 3. 1.3 Softgood Considerations 
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9.3.1 .3.1 Choosing the Right Softgood 
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Choosing the Right Sized Softgood 
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9. 3. 1.3. 2 Softgood Integrity 
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Choosing the Right Softgood 
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5/9/2006 NASA Safe 




5/9/2006 NASA Safe 



Responsibility 
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Softgood Integrity 

How do we assure the Project Engineer requests 



How do we assure the softgood kits from the 
suppliers contain the right softgoods? 



9. 3. 1.3. 3 Absorbance and Offgassing 
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The Swagelok 60 Series 
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9.3.2 Components 
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9.3.2. 1 Manual Valves 
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9.3.2.1.1 Liquid Lock 
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Hoke Valves 
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Whitey Valves 
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Jamesbury Valve 
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9. 3. 2.2 Manual Valves cont’d 
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Dragon Valve 
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Nupro Valve 
(bellows)] 
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9. 3. 2. 3 Gas Operated Valves 
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9. 3. 2.4 Electrically Actuated Valves 
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9. 3. 2. 5 Check Valves 
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Fluid Mechanics 
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Double Isolation Example 
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9. 3. 2. 5.1 Check Valve Considerations 
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9. 3. 2. 6 Pressure Regulators 
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9. 3. 2. 7 Pressure Safety Devices 
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Circle Seal 
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9. 3.2. 7.1 Vents 
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9. 3. 2. 8 Pressure Safety Devices 
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9. 3. 2. 9 Pressure Transducers 
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9. 3. 2. 9.1 Note on Instrumentation 
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Example of Bourdon Tube with 
Tip Bleed Port 



5/9/2006 NASA Safety Training Center 272 


9.3.2.11 Filters 
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9.3.2.12 Flexhoses 
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Aside 
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9.3.3 Examples of Storage and Transport 

Containers 
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Transport and Lab Scale Containers 
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DOT 4BW Cylinders 








N 2 0 4 DOT 110 One Ton Cylinder 
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Propellant Tanker 
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Step 4 - Manage the Risks 
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10.0 Build Up Sequence 
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10.1 System Construction Considerations 
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10.2 Paperwork 
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10.3 Mockup 
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10.4 Document 
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10.5 Disassemble 
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10.6 Cleaning 



- Example: oxidizer system, level 300A 











10.6.1 Cleaning Levels - Particulate 
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10.6.2 Cleaning Levels - NVR 



CO 




0 ) 0 ) 0 ) 



£ E E E 

CM CO ^ 



I I I I 

< m o Q 


♦ 



5/9/2006 NASA Safety Training Center 298 



10.7 Reassemble 
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10.7.1 Seals 
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10.8 Torque 
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10.9 Tag 
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10.10 Remote Integrity Check 
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10.10.1 Remote Integrity Check 
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10.11 Leak Check 
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10.12 Flow Check 
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10.13 Paperwork 



Pressure qualification procedures 
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Step 4 - Manage the Risks 
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1 1 .0 Operation Controls 
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controls and job design considerations 



11.1.1 Training Certification Plan 
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11.1.2 Test Team 
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11.1.3 Written Procedures 
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11.1.4 Pretest Briefing 
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1 1 . 1 .4. 1 PPE Assessment 
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11.1.4.2 Tools & Materials 
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1 1 .1 .5 Wind Corridor 
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11.1.6 Time 
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11.1.7 Access Controls 
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11.1.8 Communication 
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1 1 .0 Operation Controls 
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11.2 During 
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1 1 .0 Operation Controls 
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11.3.1 Decontamination 
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11.3.1.1 Decontamination 
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11.3.1.2 Decontamination 
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11.3.2 Disposal 
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1 1 .3.3 Hypergol Detection 
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1 1 .3.4 Safe Configuration 



5/9/2006 NASA Safety Training Center 330 



11.3.5 Maintenance 
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1 1 .0 Operation Controls 
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Step 4 - Manage the Risks 
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12.0 Personal Protective Equipment 
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12.1 Chemical Exposure Protection 
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12.1 Chemical Exposure Protection 
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12.1.1 Level A Equipment 
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12.1.1.1 Modified Level A Example 

KSC Propellant Handler Ensemble 
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12.1.1.2 Modified Level A Example 

KSC Propellant Handler Ensemble 







12.1 .1 .3 Propellant Handler Ensemble 
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12.1.1.4 Modified Level A Example 
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12.1.1.5 ILC Dover Ensemble 
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Gas 
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12.1.1.7 Respi rex Suit Features 
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12.1.2 Level B Equipment 
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12.1.2.1 Level B Example 
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12.1.2.2 “Full Splash Gear 
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12.1.3 Level C Equipment 
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12.1.4 Level D Equipment 
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12.1.4.1 Level D Example 
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ELSA 

Emergency Life Support Apparatus 
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Aside 
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12.2 Improper PPE 
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12.2 “T”PPE? 
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Safety glasses, poly-dimethylsiloxane 
compound, exposed to fuels 
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Safety shield, acetate compound exposed to 

NTO 
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12.3 PPE Removal 
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Video Version of 
What’s Wrong with this Picture? 
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Step 4 - Manage the Risks 
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13.0 Hypergol Detection 
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Authority for the NASA Environmental 

Health Program 
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WSTF Interim Policy for the Hydrazine 

Family of Fuels - 1996 



potential exposure conditions exist. 



13.0 Vapor Exposure Limits 
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13.1 Uses of Monitors 
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Aside 
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Example 
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13.2 Classify Monitors by 
Method of Detection 
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13.2.1 Colorometric Monitors 
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13.2.1.1 Dosimeter Badges 
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13.2.2 Colorometric Monitors 
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13.2.2.1 Example of a Paper Tape Monitor 
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13.2.2.2 Second Example of a Paper Tape Monitor 
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13.2.3 Colorometric Monitors 
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13.2.3.1 Example of Indicator Tubes 
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13.2.3.2 Shuttle Airlock MMH/UDMH Detector 
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13.2.4 Electrochemical Monitors 
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13.2.4.1 Example of Electrochemical Monitor 
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13.2.4.2 Example of Electrochemical Monitor 
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13.2.5 Thermal Monitors 
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13.3 Common Interferants 
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13.4 Ideal Specifications 
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13.4 Ideal Specifications 
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13.4 Ideal Specifications 
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Operation 
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Importance of Stable Zero 
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Sampling Time 
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13.5 “Calibration” of Monitors 
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13.5.1 Producing Gas Streams 
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Combine with an air stream for dilution 



13.5.1.1 Permeation System 



5/9/2006 NASA Safety Training Center 393 



Permeation System 
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13.5.2 Analysis of Gas Streams 
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13.5.2.1 Firebrick Sampling for Hydrazines 
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3. 5. 2. 2 HPLC for Analysis 
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